INTRODUCTION
Computer methods of solution of variational problems are of considerable interest because only the simplest idealized problems can be treated analytically. The Determine the shape of a wire down which a bead will slide, without friction, from the origin to xc, y, in least time.
The path shape is specified by the path angle from the horizontal as a function of time, a(t). THE ITERATIVE CONTROL SCHEME The control scheme used in determining the impulse responses applies to the general problem and is shown in the block diagram, figure 4. The equations of motion, cost computation, and terminal constraint computation are peculiar to a given problem and are discussed in the examples. The method of using the gradient information in the steepest descent procedure and the method of handling terminal constraints also are discussed separately.
There are three periods during one computation cycle; we will call them C, T, and R. The C (compute) Figure 9 shows the final control program, with maximum positive and negative control perturbations superimposed. Figure   Figure 9 Figure 11 shows the results of this procedure. figure 13 , the control function, a(t), is the angle of the thrust to the horizontal, minimum fuel corresponds to minimum time:
There are three terminal constraints:
We selected constants for the problem such that Uc is the circular velocity at the orbit altitude, yc, which was 1/20 of the orbit radius. Initial lift-off acceleration was set at 1.2g and maximum burning time (mass approaching zero) was 420 seconds. We selected oo as a stopping condition, and therefore had two &dquo;free&dquo; terminal constraints, 1 and 02, to be satisfied.
Because of the rather low initial acceleration, it is apparent that the rocket must be launched nearly vertically. We therefore chose the thrust angle program shown in figure 14 for the first nominal control program; the resulting trajectory is shown in figure 15 . The control program slope and breakpoint were adjusted by hand until figure 18b . 
